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Compact l)isc  - Read Only Memory ((3)-ROM) has fulfilled its pmmisc  of
bcmming  a dominant data storage and distribution media of the 90’s.
Slatting  in Octobc.r, all Macintosh computers will bc shipped with Cl)-
rcacicrs, e v e r y  M u l t i - m e d i a  1’(: (M PC) inc]udcs  a dt’ivc,  and nearly  cvc. ry
UNIX workstation comes with a Cl)-reader for system soflwarc  instal la t ion.

A  kcy aspcd  of (IIC succcss of t h e  coInpact clisc industry i s  1S0-9660:88,  t h e
intc.rnational  standard for the CIJ-l<OM logical  format, ‘1’his standard allows
the same (:1)-ROM to be mad and intcrprctecl  on Macintosh,  MS-l)  OS, llnix
VA X/V MS, and many other computc,r  platforms. IIowcvcr, several design
problems surfaced as 1S0-9660 drivers were implcmenld  on various
operating systems. lior example, t h e  inform: ition  nccxiccl  to do a  UNIX
directory listing command is stored not in the dire.c.tory records, but in
]ixtcndccl  Altributc  Rccmrds which arc locatccl  with the data file. ‘1’1111s to do
a simple directory commancl, s e e k s  to the. inciiviclual  clata f i l e  loca t ions  must
bc [IOHC.

A m:IjoI d i sadvan tage  of Cl)-l{OM has hc.cn the aced to go through :i
mdcratcly  cxpcnsivc mastcl ing process at a v~l~~l[)r’s  plant even  fo r  smal l
numtmrs of r ep l i ca t ion  and the long turn around  t ime . . “1’hc cmcrgcncx  in
the early 1 990’s of rccorciablc, [11)’s has allowd  in-house production of disks.
While rc.corder costs WCIC prohibitive as little as (WO years ago ($30,000),
there arc now several vcnclors offering rccordcrs  in the $4,000 to $6000
range, m a k i n g  a  Cl)-rccorcicr  a f f o r d a b l e  at a dcpartmc.nt ICVCI, if not on an
individual level at this time. ‘]’hc drops i n rccmrdcr  prims have  been
matcbcci  by  rcdudions  in mccji:i  p r i c e . , currently !$1 7 for 680 megabyte
recordab le  d i sk  and cont inuing to p]ummct as more vendors enter the
markc.t. Another valuable capability for a recordab le  mdia which is not
supportcc]  by 1S0-9660 is the ability to add information to an exis t ing
volume, c:illcd multi-session in C]) terminology.

Current Compact lJisc-Write Onm ((l I)-W()) technology has cmcrgcd  since
1988.  CIJ-WO is an e v o l u t i o n  of C1>-ROM to a sccjucntia]  wr i t e  once  medium
and is define.d by the Orange Book; i t  s u p p o r t s  writibility  and updatability.
‘1’hc Orangc  Hook which  was  dcvclopc(l by N. V. Philips anti SoIIy spc.cifics
the medium anti lhc basic C1)-WO systcm. Consccjucnt]y, a new volume ancl
f i le  s tructure standard was needed as ISO 9660:88 was nccdcd for (TJ)-Roh4.
Onc of the ciiffcrcnccs that  lhc C1)-W() s t a n d a r d  h:is that m a k e s  it diffcrcllt
from 1S0 9660:88 is that it has logical visibility to the tracks aIId sessions on
a C]), as tracks and sc.ssions  arc. made visible through Ihc usc of track
r e c o r d s  in the. CIJ-WO slancitird. “l’he  goals in drafting the standard were as
follows:

1. support for the CIJ-WO write functionality,
2. ovc.rcomc  Ihc de f i c i enc ies  of 1S0 9660:88,



3, s u p p o r t  for f u t u r e  cxle.nsions  (sllcb as a supporl  for tbc Winciows
N’I’), and

4. main[ain c o m p a t i b i l i t y  w i t h  1S() 9(360:88 in tbc ncw frame. work.

‘1’hc f i e l d s  u s e d  i n  tbc intcl aal structarc  of lhc IJcscript(irs  arc s i m i l a r  in
format  ant] va]uc 10 the fic]ds used in tbc illtcraa] format o f  1S() 9660:88.
~:h:iagcs  to v a r i o u s  fields bavc b e e n  m a d e  in the (:1)-WO s(ructates  to
facilitate the support to tbc l’ortahlc  o p e r a t i n g  Systcm lntcrfacc (1’[)SIX).
‘1’his allows  tbc st:indard 10 e n c o m p a s s e s lbc clomiaanl o p e r a t i n g  syslcms  in
tbc m:irkct  s u c h  as IX)S, Mac[X, UNIX, aad V M S . Participants of lirankfur(
Group  W e r e  well i’cpl’cscntcd  b y  t h e s e . o p e r a t i n g  systcm clcvclopcrs.

Moreover, t h e r e  w i l l  bc otbcr  v o l u m e  aacl file structare.  s(anci:irds f o r
diffe.rci~t  m e d i a  such :is WORM and rewritablc  b y  the tiinc wbcn tbc (:1)-W()
stand:iixi  bc.coincs tbc intcri~:itioa:il  stalidarcl,  1 S 0  1 3 4 9 0 . Thus,  Wbcn
soimconc moliilts  [i p h y s i c a l  vol Liinc, opcratii~g  systcins  b:ivc to know wh:it
t y p e  of stad:irds  is rccordcd  on tha t  niccliuin. III Orclcr  to do tb[it, 1 )1s  I  3346
(Vol Lime :ii]ci  l:ilc  Strlictlirc  stand tird f o r  llc)ll-scc]licllti:ll  w r i t e - o n c e  mccii:i
:II]CI icwritiblc  incciia), IJIS 13490 ,  :iad pos s ib ly  ncw tape standfiid h:ivc
crca(cd  a  common  voluinc  rccogiliticin  schcinc.. ‘1’hcsc  comiuon]y  dcfiilcd
vollimc  rcco~ililion  secIticnccs ~~i]]  c,llablc  S}JStC.I~lS to moliat tbc Cori’cct
vo]umc s t a n d a r d  aid to boot f rom the  incdiliin.

]Jurthcr, t he  de f ined  chatactcr sets bavc been cxpaadcd  from tbc. 1so
9(j~():g8,  a]lc] t he  need  fo r  spec ia l  scpzirfitor c h a r a c t e r s  has bcci]  rc(iiiccci.
‘1’bc llxtenclcd  A t t r i b u t e  Rccoid  :is dcfiaccl  ii] 1S0 9660:88 h a s  bcc.n cliininatcd
:ind the flinclionalily  of cxtci]clc{i  a t t r i b u t e s has  been  expanded  tbroligh  tbc.
u s c  of l;xtcildcd  Attribulc,  aica ill tbc lXrcctory  ai]d P:ith  ‘ 1 ’ a b l e  R e c o r d s .

‘1’his  standard b;is  followed the saint p:ith as ISO 9660. Whci] tbc IIigb Siciia
p,imtip drafted [i proposal  for  (11) -R0h4 voliimc and f i l e  strlictlirc  st:iild:ird,
li~MA (1. C, ]hli’ope:ill (~omll[itcr  Malilifactarcr’s Assoc ia t ion)  lnociific(i  ;incl
acccptcd  it [is lKMA I 19. I t  w a s  tbcn :Icccptcd [is 1so 9660 froin l)r:ift
lnternalioilal  Stai}dard  (1)1S) 9 6 6 0 . S i m i l a r l y ,  liratlkflirt  group  has di:iflcd  ii
p r o p o s a l  f o r  CII-ROM  and (~1)-WO volliinc and f i l e  strlictarc  stancl:iid  which
I;CMA mcidificd  and acccptccl  it a s  }EMA  168. Right  i]ow, 1)1S 13490 i s  in
international icvicw, I t  i s  ve ry  l ike ly  to bc acccptcd  :IS ISO 1 3 4 9 0  followii]S
tbc review period (November 93).

‘1’his s tandard is  cirgani7,cd iiltci  fou r  pa i l s :

“1’:irl 1 :  Gcncr:il” s t a t e s  not:itions ai]cl dcfiaitions  liscd in t h i s
st:indard.
“P:irt  2 :  Vo]umc ad b o o t  block rccogilition” dcscribcs  vol Liinc :IDC1
hoot recognition structlircs  f o r  intcrcbai]g,c w i t h  otbcr  sttindards.
“]’arl 3: Vo]liinc.  :iacl f i l e  stnicturc” dcxcribcs  volliine and f i l e
descriptors :I1ODS with :1 n e w , m o r e  cfficicnt  cxtcndc(l  attiibutc
c:ip:ibi]ity.
“1’:irt 4 :  Rcmrd strlictlirc” d e f i n e s  tbc variolis rccoids  types  such a s
fi xccl rccoid, variablr  record, stream record, etc.

All  parts  of the s tandard a!c inkpc.adcnt  : Oilc c:iil i m p l e m e n t  o n l y  pfirts  1
& 2. for vollimc recognition aid boot purposes. ‘1’1111s, Once [i Systcm
rc.cogiliz,c  w h i c h  d r i v e r  to molint, the systcill  call mo~ii~t i t s  n:itivc voliiinc



aacl  file systcm. I f  onc imp]cmculs  parts 1 , 2, and 3 for a  v o l u m e  and f i l e
sti’acture.  w i t h o u t  t h e  rccol’d  s t r u c t u r e  suppoi’1, a traasporlab]c  vo]umc. for
intc. rchangc  wiih other  o p e r a t i n g  s y s t e m s  can bc crcatcd. l’ar( 4 can be
implcmcntccl  for systems which support  rccorci structures such as VMS,
‘]’here will  be a lot of il~ll~lcl~~cIltatio~~s  wh ich  suppor t  on ly  parIs 1, 2 ad 3;
for e x a m p l e ,  M a c [ I S ,  110S, ad lJNIX  where record stractarcs  don’ t  exist. ‘J’hc
market  will dcte.rmiae. what paIIs will need to bc s u p p o r t e d . 111 t he  Ilcxt
section, a detailed description of the CII)-W() volume. and file structure
standard is  cx])l:iincd.

‘1’here is :iaothcr st:iaclard  called Rock Riclgc. Its intent i s  t o  u s c  ~lJ-ROhfl [is :i
complctc  illl~Jlclllclltatioll  of X/Opca  :ilid lWSIX  f i l e  systcm and Ciircctories.
‘1’hc purpmc  of the Rock Riclgc  i n i t i a t i v e  i s  t o  crc:ite.  ad a g r e e  upon :i
common  format  by ~itiliz.ingg  t h e  s y s t e m  area ii~ t h e  d i r e c t o r y  rctord  o f  t he
1 S 0  1990:88  w h i l e  maii~taining  compfitibility  wi th  the  ii~stallcd b:isc of 1 S 0
1990:88 hardware ad software. ‘1’hc Sys tem USC Ama (SUA) in the  d i rec to ry
record  iaclacles  necessa ry  inl’om:itioa slich  a s  Llll) (~iscr i d ) ,  (ill)  ((iiwap
id), mode bits, major ancl mii~or  d e v i c e , lJII)  ai}cl G]]) aumbcts  b y  r e c e i v i n g
Syslcms for Xmpen systems. Most UNIX ~1>-ROMs  already iisc this stanclard
specially for inicrchaagcs  aniong [I NIX systems. A s  Ihc l<ock Ricl.gc
st:incl:id  is nc.cdc(i  for 1 S ( )  9660:88, al~othc.  r staild:ird  w i l l  be ncc(ied  t o
suppor[ fliture opcr:iling syslcms such as  Windows  N’J’ with 1)1S 13490. ‘1’1111s,
there  arc a lot of ways  to  implcli]ent s y s t e m  s p e c i f i c  needs cmbc(ic(l  in the.
descriptors, and s y s t e m  :IIJCI :ipplic:ition u s e .  :ircas along wi th  tbc
rc.p, istratioil  procc. ss.

It is statccl  that coafotmiag 1)1S1  3490  rcceiviag  systcins  ( i . e .  s y s t e m s  w h i c h
read dat:i  on ~lJ-W()) shall support a subset of 1S0 9660:88; the llxtcndccl
At[iibute  Record  ( X  A R )  ii] 1S() 9660:88 w o n ’ t  be sLipportccl  by rcccivillg
systems, ‘J’bus, it is possible to have :i disc which has both 1S() 9660 &
111S1 3490 on a saim incclium. ‘Ibis schcmc will be desc r ibed  ii] a ]atcr
section. ‘1’his Iicw stand:ird w i l l  p r o v i d e an cfficicilt  :irchitcctlire  f o r  f a s t e r
access of ciii’cctoi’ics  :iad files coil’iJ>:ii’cd to 1S() 9660:88.

11. .:J]IC St rllclltlrc___of ])1.s 1 3 4 9 0

i n  t h i s  s e c t i o n ,  key l)cscriptors  used in IJIS 13490 fire i l l u s t r a t ed  .  ‘1’hc
l)cscriptors  can be c a t e g o r i z e d  b y  t h r e e  m:iin  p:irts -

(:1)-WO  ICxtcnded  A r e a :

A  (~IJ-WO l~xlcn~icci  Arcn is :i c o n t a i n e r  f o r  vo]uinc aacl file clcscriptors
(figure 1), Volume  IJcscriptor  Sets  (VIJS) aic l o c a t e d  in what  is  czilld :i (:1)-
WO llxtcndcd  A r e a . ‘1’hc Voluine l)cscriplor  S e t  coilt:iilis  a t  lc:ist  one, Prim:iry
Volilmc IJcscriptor  (l’VI)) aIId ‘1’crminating  IJcscriptor  (“1’1)), ail(l 7CI”0 or
I11OIC Sllpplclllcatai’y  Vollimc l)cscriptor  (SVI)),  lln(i “J’rails:iction  l)cscriptor
(1;’1’1)), find Voluinc  ])arlitioil l)csciiptof  (V]’])).

A  ]’rimary V o l u m e  IJcscriptor  idcatifics  the. vo]lime, the vol[ime set  to
w h i c h  t h e  volainc  bcloags, attributes of tbc volume, the. character sets used
in rc.corcling t h e  coiltcnts  o f  ccrlaiil fields within the Primary Volaine
l)cscriptor, :ind t h e  ralc  f o r  rccordii~g an(i loc:iting the, linci ‘1’r:iils:iction
IJcscriptor. “J’hc Ilnd ‘1’rai}saction  l)cscriptot  i s  clcscribcci  in t h e  n e x t  scztion.



An sll]>]~]cllle.lltal’y  Volu]nc l)cml’iptol  pmvi(lcs an al ternate.  idclliification
of tbc volume and the volume set to which it belongs. A  Volume  l’ar(ition
lkscriptor  specif ics a  parlition  of tbc V o l u m e , a t t r i b u t e s  of tbc. ~]art ition
and an icicntification  of tbc par[iti on. “1’hc ‘1’crminatit~g  l)escriptor  (’1’1))
identif ies  tbc tcr]nination  of a Volume lkscripto]  Set. ]Iccfiusc  {; I)-W()  is  :il)
updatiblc, mcciium, tbc volu]uc,  information  can bc upd:itcd b y  w r i t i n g  ncw
Volume l)cscriptor  Sets. Ttlc standard  filso s p e c i f i c s  b o w  to rccogniz,c tbc
mosl rcc.cnl  or va l id  Volume  lkscrip[or  Se t .

A l s o ,  in a ~1)-W[)  llxtcnclc.d  AIca or [it a Ioc:ilion  wbcrc i t  i s  po in t ed  by  the
lind ‘1’ransaction  Descriptor, liile Systcm l)cscriJ~tor  Sc.t (11’SI)S) i s  t h e r e  10
identify: tbc f i l e  s e t ,  tbc sc.t of cbaractcrs  allowcci in ccriain  f i e l d s  o f  tbc
descriptors associated with tbc file scl, altribu(cs  of lbe f i le  set ,  opt ions]
application :ind publisbc.r  informatioli,  and o p t i o n a l  c o p y r i g h t ,  a b s t r a c t ,
atld bibliographic ini’ormatioll. A  ];ilc. Syslcm lkscriptor s e t  c o n t a i n s  l;ilc
S e t  lkscriptor  (liSIJ - a collccpt of a log,ical  v o l u m e ) , and ll~ll>lcl~lc.llt:tti[)ll
llsc.  l)cscriptor  (I U1>). ‘1’bis  l;ilc Sysicm lkscrip(or  S e t  i s  dirccily  associatd
wi th  a  pa th  t ab le  which  iclcntifics cvc]y  ciircctory in tbc d i r e c t o r y
hicrarcby  cicscribing  the sc.t of f i l e s  in tbc f i l e  s e t . ‘1’1111s  at l e a s t  onc of  l;ilc
Systcm ])cscriptor  Set  sbou]d  be w r i t t e n o v e r  a v o l u m e  (0 dcscribc  tbc
content of a disc. A l s o ,  zcm or mow ltll])lcll~cl~t:itiol~  US C  lkscriptor  ([111))
c:in bc tbcre  to i d e n t i f y  ail il~~lllcl]~clltatio]] and c o n t a i n  itlformatioij  fo r
that illl]}lclllcllt:itiol]’s  use. ‘1’bis  is OIIC.  of d e s c r i p t o r s  w h i c h  allow support
for current and future operating systems’ n e e d s  tb:it  is not dcfind  by this
Stal]dal’d.

in a CHJ-W() lixtc.ndccl  Area,  different Boot IJc.scriptom  (111))  can bc wr i t t en .
‘1’his  is dcsigncci to allow a g,cmric  b o o t  ROM. Such a  boo t  ROM would SC:ill
for Boot l>cscriptors  with a  m a t c h i n g  systc.111 iclcntificatiol]  (which  mig, bt
r e . p r e s e n t  combit)ations  of pmccssor  type  and lNClllC)~y  lN~l’l~F,ClllC1  l~). A f t e r
e x a m i n i n g  tbc boot  identif ier ,  wbic]l  mi~bt cncdc  the  ope ra t ing  systcm
t y p e  all(l Opticms, t h e  b o o t  R O M  can prcscni  the opcratot  with a cboicc  of
operat ing systems to boot.

All Volume lkscriptor  Sets, liilc Systcm lkscriplor  Sc.ls, and Boot  l)cscriptors
arc inclosccl  in a IIc.g,  inning lixtcndcd  A r e a  lhxcriptor  (llliAIJ)  and
‘1’crminating  }ixtcndd  Area lkscriptor  (’1’liAl)). “1’11[1s, lhc! (:1)-wO  Cxtcndccl
ami identif ies  that  (:IJ-W()  vo lume  and file s tructure stanclard was used to
write this disc. ]iigurc 1 cicmonstratcs  a  min imum rcquird  desc r ip to r s  for
a  Volllmc 0 1  a  Vollllnc  set. “1’hc IIcmt I)c.scriptor is  opt ional .
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l’igum  1: A Minimum Descriptors nmdd in 1)1S 13490 Cl)-WC) lixtcnclecl Area.

]~,,(] Transac t ion l)escriptor  (Erl’l)):

‘1’his  i s  onc of tbc most impor[ant cicscriptors  in IJIS 13490. As tbc
i n f o r m a t i o n  oa a disc is updatccl,  Vcrlumc  lkscriptor  Sets,  liilc Systcm
l)cscl’iptor  Sets, ancl Iiacl ‘l’l-ansactic)n  ]kscriptors  am llscd  tc) llpclatc  tllc
vcrlumc  and file sttuc.tare. ‘1’hc mcrrc a  d i s k  i s  apclaicd,  tbc mcrrc  comp]icatcd
tbcsc  scquenccs  of clcscriptors arc. ‘1’has, this standarcl  sugscsts  several
mlcs  for rccorclins  ]lacl ‘J’ransacticrn IJcscriptors  ia o r d e r  tc) s e a r c h  f o r  1;”1’1)s
effectively. An };acl ‘1’ransaction  IJcscriplor  coatains  a pc~intcr tc) (Ilc
carrcnt and previoas  Vcrla Inc l)cscriptor S e t s ancl }iilc S y s t e m  lkscriptor
S e t s ,  and tbc prcvioas  li’1’1~  scqacncc. Ii’1’I)s  contfiin t w o  :irrays. ‘1’bc first is
tbc l’alb ‘1’able lnfcrrmaticrn  (P1’1) and the. second is Volamc  Space ‘1’ab]c
which consists of tbe ‘1’rack  Specific.ation Rcccrrci  (’1’S1<). ‘1’hc l’atb “1’able
lafcrrmaticrn  contains  rcccrrds wh ich  po in t s  t o  tbc loca t ion  of tbc l’ath ‘ l ’ a b l e
or tbc  clircctc)ry  of patl)  t a b l e s Ibat corrcspc)acl  t o  a patlicalar  character set
t h a t  i s  idcatifiecl  in a comsponcling  P r i m a r y  Vcrlamc  IJcscriptc)l  a n d  tbc
f i l e  se t s  idcntificcl by l:ilc Set l)cscriptors. ‘1’hc ‘l”rack Specification Rccot’cl
c o n t a i n s  a set of r;eorcls  w h i c h
as siz,c at](i  rccc)rcling  f o r m a t ,

‘1’hc figare  2  illostratcs  t b c  Ii’J’l)
prcvioas  and carrcnt }i’1’l)s.

ccrlltains information aboat

aacl t b c  rclationsbip  bctwe.ca

tbc tracks sac]]

a  lWI),  aad



End Transaction Descriptor
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original sequence
End 7 ramaction Oesctiplor

previOLls  sequence
E nd 1 ransaclion  lmscnplor

rrIOst  curterl[  sequence

If it is wrillen  by Volume al Once recording mode, an El D is not pointed by a PVD. It is assumed at the end of the d,sc

l’ath Tables, Dircdorics, and ltxtcnd  A t t r i b u t e (XA):

Multip]c  l’rimary  V o l u m e  lkscriptors ancl Putt) ‘1’tib]cs  i n f o r m a t i o n  (1’”1’1)
allow multiple. directory bicrarcbics. A Path ‘1’able spmifics:

a. tbc. root of a directory hierarchy,
b. MCI] d i r ec to ry  in tbc d i re . c to ry  hicrarcby, and its rclatiollsbip,  i f

any, w i t h  o t h e r  directolics  in tbc d i r e c t o r y  hicrarcby, and
c. tbc loca t ion  and sim of tbc directory f i le  for  cacb d i rec to ry  in tbc

directory bicrarcby.

Volume stracturc descriptors, tbc l’atb T a b l e  R e c o r d s ,  and tbc IJircctery
Records have an lixtcndcd  Attribatc  Area (XAA). “1’his aru is used to p rov ide
cxtcactccl  func t iona l i ty  to IIlis st:indalcl  by providing the incorporation of
tag identified attributes. ‘1’hcsc  a(tributcs  a r c  a s s o c i a t e d  w i t h  at] or(iiaary
f i l e  wbcn the X A A  contains  t:igs in tbc directory rccrrrd aacl arc associated
with a directory when tbc XAA cont:iins  tags in tbc path table record. ‘1’hc
XAA may contain several attributes; tbc n u m b e r  o f  w’bicb  can CXCCCCI t h e
desired IIircctory  (or Path ‘ 1 ’ a b l e )  Record  size or sac]] a record may contain
a t t r i b u t e s  dcc. mcd by tbc it~~]~lcl~~cl~tatiol~ to bc locatccl  in anotbcr  cxtcat.
la this case. tbc “(3;” cxtcadcd  attribatc.  ficlct  (XAl~) is used to p r o v i d e  t h i s
capability as well as partitioning:,  tbc continuat ion cxte.nt  ident if ied by tbc
“{~li”  XAI; into a Systc.m USC A r e a  a n d  an Applic:i[ion  USC A r e a .

By using  the desc r ip to r s  men t ioned  above, t b c  stanclard  a l l o w s  u]dating  of
f i les  on C:l)-WO mcdi:i as  described in tbc Phil ips/  Sony orange  ]Iook.
Collscqmlllly, tbc files  m a y be modified, tbc directory hierarchy may
cb:ingc,  and addit ional  directories  In:iy be added within the constraint that



wrilc  once media  wi l l  rcttiin  all p r e v i o u s revisions of rccordcd  information.
‘1’hc f i g u r e  3 at)d 4 s h o w  a simp]c set of directory  hictarchics  t h a t  call  bc
constructed with this standard, and the updatc(i structure when a fi le is
addcci  to a subclircclory,
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‘1’hc Standard  of Rccordins  (i.e. Or:iT]gc  Book Patl 11: C:IJ-W(), N. V. l’hilips atlcl S o n y
C:oIj~.,NovcI~ll>cr  1990) identif ies  three mc.thocls  which specify tracks  on the disc
tl):it can bc Iccor(icd. ‘1’hcy arc ‘J’rack-at-[)ncc, lncrcmcntal  witl~  l~ixcd lcnglh
l’ackcts, and lncrcmcntal  with Variable 1 .ength ]’ackc. ts. “1’llcsc methods  h a v e
different addressing mcthocls  which arc dc.scribed below.

● ‘1’rack-at-once refers to recording onc or multip]c  tracks  in onc unintcrruplcd
Stlcam. A simp]cr  version of ‘1’r:ick-at-once is Vo]umc-at-once wl~ich  refers to
r e c o r d i n g  a  comp]ctc  OJ-WO volum in onc u n i n t e r r u p t e d  sttcnm; this is Ihc salnc
method how OJ-R0h4  is mastered. Hy usitlg  the ‘1’rack-at-once method, onc can do
stcpwisc  c r e a t i o n  of a C:I)-W() wi th  up to 99 tracks possihlc.



to rccorcling,  w i th in a  track  with mu]tiplc  clata
scparatcci  b y  gaps. l)cpcncling  on tbc s i r e s  of tbcsc
lcnctb  or a variab]c  lcn~tb i s  dctcrmincd. IIowcvcr,

●  lncrcmcntal rccordingj r e f e r s
Stlcalns, and tbcse.  s t r eams  arc.
Strcalns, wbctbcr  it is a fixecl .
th is  scbcmc  involves fol  exist ing players  to rccog,  nim ncw i n f o r m a t i o n  w h i c h
reside among data streams. ‘1’bus, it can’t 1X d e t e c t e d  b y  cxisliag  [:1) -AIII)I()  at]cl  {:1)-
l<OM players.



Incremental
‘1’hcsc rccorciing  mctbods  h a v e  tbcir  own advaIltagcs  s p e c i f i c  to ccrttiill
applications. ‘J’rack-at-once is  the o n l y  m e t h o d  widely  ascci ia lbc carrcnt marl. ct.

A special vcrsicm  of tbc (9J-W() disc is tbc multi-session disc. A session is a
sccjacnce of o n e .  o] more tracks  wbcrc  tbc track n u m b e r s  f o r m  a contiaaous
ascending, scqacnce. ]iacb scssioa malcl he an 1S() 9660:88 volame. l]owcvcr,  botb
CHJ-ROM drives (Yellow Book) aacl (H YW(Y{:I)-R (OIangc  Rook) clrivcs  do no t  suppor t
all types of recording scbcmcs. I;or example, most (11) -R[)M drives can only rcacl
(iiscs  recorded with a single session ‘J’rack-at-oace  lnCtbOd. A l s o ,  one braad  of ~1>-
WO rccmrdcr  can only record d i scs  wi th  a ‘1’rack-at-onec  lnctbod. Uscl’s need to be
aware  of tbcsc  l im i ta t ions  w h e n  clcciding  wha t  type  of drives  to p u r c h a s e .
A]tbougb  tbc logical  format of tbc disc cc)nforms  to tbc s t a n d a r d , the disc migb(
not bc. readable by some drives. Within a year most of tbc (:1)-W{) drives will be.
a b l e  to rccorci  and read al l  tbrcc types  of rccordiag  scbcme. s. A l s o ,  llCW cl>-ROM
dr ives  sboa]d be able to mad all types of (H)-W[)S.

1 would like to t h a n k “1’bomas Wong at SIIN  M i c r o s y s t e m s  aacl h4ikc. Mar[ia  at J]’].
for tbcir input.

Note: “1’be rcsearcb  dcscribcd  in this  art icle was carried c)at by tl~c J e t  P r o p u l s i o n
laboratory,  (California lnstitatc  of “1’cchnc)logy, andcr  a contract  w i t h  t b c  N a t i o n a l
Aeronautics ancl Space. Acll~~it~istr:ltiol~.
l<ci’crc.I]cc  hc.rein to aay spec i f i c  commerc ia l  prodact,  process,  or scrvicc  by trade
name, traciemark, maaafactarer,  01 otbc.rwisc., does not constitute or imply its
c.adorscmcnt  by tbc United States Government  o r  tbc let Propulsion 1,aboratory,
( C a l i f o r n i a  lnstitatc  of ‘1’ccbnology,

Note: 1)1S 13490, also known as }KMA 168, is available froll~ IWMA, llaropcan
(~omputcr h4aaafactarcrs  Association, 1 1 4  Rac  cju Rbone - 01-1204  G e n e v a
(Swity.crlaad), Pbonc: +41 22 735 36 3 4 ,  };ax:  +41 2 2  786 5 2  3 1 .  lior furlbcr
iaformatioa  on ~1>-W() or 1)1S 1 3 4 9 0 ,  p l e a s e  coatact  Jason }Iyon at J e t  Propalsioa
laboratory,  l\-Mail: jl~yoll  C~~jj>l~3(ls,j1~ l,llasa.  g)(Jv  or (81 8)306 -6054.”


